Background: The muscular dystrophies target muscle groups differentially. In mouse models of muscular dystrophy, notably the mdx model of Duchenne Muscular Dystrophy, the diaphragm muscle shows marked fibrosis and at an earlier age than other muscle groups, more reflective of the histopathology seen in human muscular dystrophy. Methods: Using a mouse model of limb girdle muscular dystrophy, the Sgcg mouse, we compared muscle pathology across different muscle groups and heart. A cohort of nearly 200 Sgcg mice were studied using multiple measures of pathology including echocardiography, Evans Blue dye uptake and hydroxyproline content in multiple muscle groups. Spearman rank correlations were determined among echocardiographic and pathological parameters. Findings: The abdominal muscles were found to have more fibrosis than other muscle groups, including the diaphragm muscle. The abdominal muscles also had more Evans blue dye uptake than other muscle groups. The amount of diaphragm fibrosis was found to correlate positively with fibrosis in the left ventricle, and abdominal muscle fibrosis correlated with impaired left ventricular function. Fibrosis in the abdominal muscles negatively correlated with fibrosis in the diaphragm and right ventricles. Together these data reflect the recruitment of abdominal muscles as respiratory muscles in muscular dystrophy, a finding consistent with data from human patients.
INTRODUCTION
The muscular dystrophies (MD) are a heterogeneous set of muscular disorders often linked to mutations in proteins within the dystrophin-glycoprotein complex (DGC). The DGC is a large protein complex localized to the sarcolemma of skeletal, smooth, and cardiac muscle fibers. The dystrophin complex physically links the extracellular matrix to intracellular cytoskeletal elements. Dystrophin and its associated proteins prevent sarcolemmal damage by mechanically stabilizing the lipid membrane, while additionally localizing important membrane repair mechanisms to their site of action [1] . Mouse models of muscular dystrophy are highly useful as preclinical models because they are small, reproduce easily, and can be genetically manipulated. The most studied mouse model of muscular dystrophy, the mdx mouse, recapitulates many of the pathologic hallmarks seen in Duchenne Muscular Dystrophy (DMD), and the mdx diaphragm muscle displays profound features of disease with severe replacement fibrosis that can be seen grossly on inspection [2] [3] [4] . Mouse models of sarcoglycan gene mutations similarly reflect the pathology seen in humans with Limb Girdle Muscular Dystrophies (LGMDs), and like the mdx mouse have marked pathology in the diaphragm muscle compared to other muscle groups [5] .
In heart failure, diaphragm muscle and cardiac function are interdependent [6, 7] . This interdependence is especially evident in muscular dystrophy, where primary deficits in respiratory muscles and the myocardium may accelerate pathology and dysfunction. Deletion of the skeletal muscle specific transcription factor MyoD in the mdx mouse, which specifically impairs skeletal muscle regeneration, accelerates cardiomyopathy [8] . Correspondingly, rescue of diaphragm muscle with utrophin overexpression in the mdx/utrophin double null mice improved rightventricular (RV) and left-ventricular (LV) ejection fraction (EF) [9] . In another study, cardiomyopathy was evident in older mdx mice whose skeletal muscle, including diaphragm muscle, had been rescued by micro-dystrophin transgene expression [10] . These findings emphasize the importance of correcting multiple muscle groups, including the respiratory and cardiac muscles.
The diaphragm muscle is responsible for approximately 50% of respiratory force, but this contribution varies with body position and exercise demands [11, 12] . Other muscle groups contribute significantly to respiration, especially when the primary breathing muscle is diseased, as it is in muscular dystrophy. The abdominal muscle group is considered an accessory of respiration, aiding mostly in expiration [13] . Increasing evidence suggests that the abdominal muscles adapt for additional function in patients with muscular dystrophy by contributing to both expiration and inspiration [14] [15] [16] . The progression of disease in the abdominal musculature is not as well characterized as the diaphragm muscle in human patients or animal models of MD, and it still remains largely unknown what relationship, if any, the abdominal muscles have with in vivo measures of cardiopulmonary function. We now used a mouse model of muscular dystrophy to assess the relationship between markers of abdominal muscle pathology and measures of cardiopulmonary dysfunction. We took advantage of a large well characterized cohort of mice lacking the dystrophin associated protein ␥-sarcoglycan, as these mice are a model for severe childhood autosomal recessive muscular dystrophy, also known as LGMD 2C [17] . This subtype of muscular dystrophy is notable for its similar phenotype to DMD, and this model was selected since it displays an earlier cardiac phenotype more reminiscent of what is seen in human DMD and LGMD 2C. The rectus abdominus muscle is the primary abdominal muscle, and abdominal muscles are important in maintaining posture for proper respiration, in addition to being the primary muscle of expiration. We studied mice at an early time-point in disease, 8-weeks, and found that abdominal muscle pathology correlated with in vivo and postmortem markers of cardiopulmonary dysfunction. These findings demonstrate that the abdominal muscles are useful and accessible muscles to study in preclinical models and reflect cardiopulmonary pathology.
MATERIALS AND METHODS

Animals
Sgcg mice, a model for limb girdle muscular dystrophy, were described previously [3, 18] . Sgcg on the DBA/2J (D2) background and the 129T2/SvEmsJ (129) background were intercrossed to create homozygous Sgcg mice on a mixed D2/129 genetic background. Male (n = 95) and female (n = 101) Sgcg D2 /129 mice were studied (total cohort 196). Animals were housed in a single pathogen-free barrier facility under the approval of the University of Chicago Animal Care and Use Committee. At 8 weeks of age, animals were sacrificed and muscle groups removed and isolated for further processing. Hydroxyproline (HOP) content was measured in the whole diaphragm, the right ventricular free wall (right ventricle), left ventricular free wall and septum (left ventricle), abdominal muscle, and one half of each quadriceps muscle. The abdominal muscle was taken from two 1 cm square dissections adjacent to, but not including, the non-muscular linea alba. The abdominal muscle taken did not include lateral portions of the abdominal wall, and therefore, the abdominal rectus muscle is likely most represented in our dissection. Evans blue dye (EBD) content was measured in whole triceps, gluteus group/hamstrings, gastrocnemius/soleus and abdominal muscles, and one half of each quadriceps muscle. Together, this generated 35 different data points measured for each animal, and all 35 measurements were available from 126 animals. The remaining 70 animals had more than 30 data points available. The measurements of HOP and EBD utilized the entire muscle groups. Histopathology was performed on separate animals.
Echocardiography
Echocardiographic studies were conducted on animals following standard protocols [19] and as described previously [20] . Animals were anesthetized using isoflurane, 2% in O 2 , and then placed on a heated pad. Imaging studies were typically completed in less than 15 minutes of total anesthesia time. During imaging, isoflurane was titrated to avoid heart rates less than 350 bpm. Imaging utilized a Vevo 770 (Visualsonics, Toronto, Ontario, Canada) ultrasound machine with 30Mhz probe to acquire all measurements and images. Left-ventricular fractional shortening was acquired by collecting M-mode images in both the parasternal longaxis and parasternal short-axis views.
Hydroxyproline measurement
Hydroxyproline (HOP) assay was performed as described previously [18] . Muscles were removed, minced, weighed and hydrolyzed in 2 ml of 6 M hydrochloric acid at 110 • C overnight. After incubation, Ehrlich's reagent was added and absorbance was measured at 558 nm. Heart ventricles were assayed after removal of atria and great vessels. Results were reported per milligram of tissue. HOP measurements were performed on half the abdominal and quadriceps muscles, and on the entire diaphragm and cardiac ventricles where the right and left ventricle were assayed separately.
Dye uptake
Evans blue dye (EBD) uptake into muscle was measured as described previously [18, 21] . Forty hours prior to sacrifice, animals were injected intraperitoneally with 5 l/g body mass EBD (Sigma Aldrich, E-2129) in phosphate-buffered saline at 10 mg/ml. The entire gastrocnemius/soleus, gluteus/hamstrings, and triceps muscles were harvested for the dye uptake assay. Half of each abdominal and quadriceps muscle was used, while the other half was used for HOP measurement (see above). Muscles were removed, minced, weighed and incubated in 1 ml of formamide for 2 h at 55 • C. Absorbance was measured at 620 nm, and results reported as the Z score of absorbance per milligram of tissue.
Histology
Hematoxylin and eosin staining or Mason Trichrome was performed on Sgcg (DBA/2J) mice or mdx (C57Bl10) mice (n = 2-5 mice of each genotype), as described previously [3] .
Statistical analysis
Statistical analysis was performed using Prism 6 software (GraphPad Software, San Diego California, USA, www.graphpad.com) and R (R Foundation for Statistical Computing, Vienna, Austria). For 3 images (LV fibrosis vs abdominal fibrosis, LV fibrosis vs diaphragm fibrosis, and RV fibrosis vs diaphragm fibrosis), 3 data points were removed for the purposes of presentation. The 3 data points were removed only from the visual depiction of the data because these points were so elevated as to compress the remaining data visualization. All data was included for statistical calculations, including those three points that were removed from each of the three above referenced images. All parameters were evaluated for the normality of their distribution using a D'Agostino and Pearson omnibus test. Non-parametric Spearman rank correlation coefficients were used to examine pairwise relationships among muscle groups due to the non-normal distribution of multiple parameters. Additionally, non-parametric methods (Dunn's multiple comparison test and Mann-Whitney U test) were used to test for significant differences in parameters across muscle groups. P values <0.05 were accepted as significant.
RESULTS
A large, genetically heterogeneous cohort of mice reflects variability seen in human muscular dystrophy
Sgcg mice lack the dystrophin-associated protein, ␥-sarcoglycan, and are a model for limb girdle muscular dystrophy (LGMD) type 2C [3] . Like LGMD 2C and DMD patients, Sgcg mice characteristically develop a progressive muscle disease marked by inflammation, necrosis and muscle weakness [22] . LGMD 2C is phenotypically heterogeneous, even with an identical primary gene mutation [23] . To model this phenotypic variability in mice, we generated a cohort of Sgcg mice on a mixed genetic background taking advantage of the observation that the muscular dystrophy phenotype is enhanced in the DBA/2J (D2) background and repressed in the 129T2/SvEmsJ (129) background [18] . The D2 strain background harbors a number of genetic loci that enhance muscular dystrophy, and the genetic locus that contributes is the chromosome 7 encoded latent TGF␤ binding protein 4 (Ltbp4) gene [24] . A cohort of 196 Sgcg mice was assessed for cardiac function at 8 weeks of age using echocardiography followed by post mortem measurements of fibrosis and muscle damage. Although increased fibrosis can be detected in the heart at this stage, severe cardiac dysfunction is not yet present. This cohort showed a range of disease severity affecting multiple muscle groups and the heart (Fig. 1) .
The abdominal muscle group experiences the most severe membrane leak
Evans blue dye (EBD) is an azol dye with high binding affinity for serum albumin. EBD does not accumulate in healthy muscle tissue; rather, it characteristically accumulates in muscles where the sarcolemma has been disrupted. Dye uptake, as a reflection of abnormal muscle membrane permeability, can be quantified as a temporal marker of tissue damage present at the time of analysis [25, 26] . Dye uptake was determined for the abdominal, triceps, quadriceps, gastrocnemius/soleus and gluteus/hamstring muscle groups (n = 124 mice) that are subject to heavy use, even in cage-bound animals. Compared to the limb skeletal muscles, the abdominal muscle group had a significantly higher mean dye uptake (6.67 ± 2.59 OD/mg) ( Fig. 2A) . This mean was 34.9% higher than mean for gluteus/hamstring, the second most affected muscle group. Mean abdominal muscle dye uptake was significantly higher than all other muscle groups assayed (p < 0.0001 for all pairwise comparisons with the abdominal muscle). No significant differences were found when considering dye uptake between other muscles groups. The distributions of values for dye uptake in the abdominal muscles and gastrocnemius/soleus muscles were non-normal (p = 0.003 for abdominal, and p < 0.0001 for gastrocnemius/soleus) (Fig. 2B) . No other significant departures from normality were observed in any of the other muscles assayed for dye uptake.
It has previously been reported that mdx mice may display an asymmetry that was observed to affect both the quadriceps muscle and gastrocnemius muscles [27] . The lateral preference was seen to affect performance on a treadmill and correlate with increased muscle damage on the side bearing more of the load. The Sgcg model similarly displayed asymmetry in two muscle groups: the gastrocnemius/soleus muscle groups and the quadriceps muscles. A Wilcoxon signed rank test found that mean dye uptake was significantly higher in the left gastrocnemius/soleus (p = 0.0495), while mean fibrosis, measured as hydroxyproline content, was significantly higher in the left quadriceps (p < 0.0001). Additionally, we found two traits to exhibit sexual dimorphism. As expected, male mice had greater body mass than female mice (male: 21.96 g ± 2.95, female: 19.50 g ± 2.58, p < 0.007). Male mice were also found to have significantly higher dye uptake in the abdominal muscles than female mice (male: 7.63 ± 2.49, female: 5.86 ± 2.33, p < 0.0001). However, these sex-based differences did not alter any of the reported correlations.
Abdominal muscle dye uptake correlates with reduced left ventricular fibrosis and increased animal mass
Spearman based correlations were used to analyze relationships between abdominal dye uptake and all other functional and pathologic markers. Abdominal dye content correlated negatively with left-ventricular fibrosis, as measured by hydroxyproline (HOP) content (Fig. 2C) . Abdominal muscle dye uptake was found to correlate significantly and positively with animal weight (Fig. 2D) . No other studied muscle group was found to correlate significantly with animal weight. Interestingly, abdominal muscle dye uptake showed a weak correlation with the measurement of mean velocity of blood across the pulmonary artery (r = 0.1898, p = 0.0502), which is a reflection of right ventricular function. Taken together, these data suggest that increased dye uptake in the abdominal muscles was seen in larger animals with less left ventricular fibrosis. An animal's mass may be large in part due to edema, which would be reflected as dye uptake. We infer the increased abdominal muscle damage is consistent with these muscles being recruited as accessory muscles of respiration, which in the shorter term, may be protective for the heart by improving oxygenation.
The abdominal muscles have more fibrosis than other muscles
Hydroxyproline (HOP) content was used as reflection of fibrosis because this modified amino acid Fig. 1 . Sgcg D2 /129 mice replicate a range of severity and muscle group involvement similar to human muscular dystrophy. Sgcg mice, a model for limb girdle muscular dystrophy, were studied on a mixed genetic background. At eight weeks of age, a relatively early time point in disease, Sgcg D2 /129 mice displayed significant variability in severity of membrane leak and fibrosis. Gross images are shown from the abdominal, diaphragm and quadriceps muscles, as well as the heart. Animals were injected with Evans blue dye to mark muscle damage, and this is seen as blue areas of muscles. Fibrosis appears as white patches or streaks, and turns otherwise translucent muscle opaque. Dye uptake and fibrosis often occur together, and individual animals can vary in how severely individual muscle groups are affected. Fig. 2 . Mean dye uptake, as marker of muscle damage, was highest in the abdominal muscles. A large cohort (n = 196) of Sgcg D2 /129 mice was assayed for dye uptake in multiple muscle groups. A) Mean dye uptake was found to be highest in the abdominal muscles (m = 6.67 ± 2.59 OD/mg), This value was found to be significantly higher than other muscles assayed for EBD when compared by Dunn's multiple comparison tests (p < 0.0001). Error bars represent standard deviation. B) A histogram representing the distribution of abdominal muscle dye uptake. This distribution was found to be non-normal, and right-skewed. C) Abdominal dye uptake was significantly, negatively correlated with fibrosis in the left ventricle of the heart. D) Furthermore, abdominal dye uptake was significantly, positively correlated with animal weight. Taken together, these data support a model in which abdominal muscles are recruited to support cardiopulmonary output.
is found in matrix deposited collagen. The abdominal muscles had a mean HOP measurement of 43.79 ± 22.16 mg/mg, which was 47.5% higher than the diaphragm muscle and 131% higher than what was seen in the left ventricle. Fibrosis in the abdominal muscles was significantly higher than all other groups assayed (Fig. 3A) . Much like abdominal dye uptake, the distribution of values was rightskewed (p = 0.0002). Total body mass was found to correlate negatively with abdominal muscle fibrosis (r = −0.206, p = 0.0071), which could be influenced by sexual dimorphic differences in body mass.
Left ventricular fractional shortening (LVFS) is a commonly used measure of heart function applicable to both human and murine hearts. A normal LVFS for mice under isoflurane anesthesia, as used here, is 39% [28] . The mean LVFS for Sgcg mice was 36.93% (SD ± 9.1), and more than 30 animals had LVFS <30% reflecting cardiomyopathy. Those animals with the least abdominal muscle fibrosis had the best cardiac function measured by LVFS (Fig. 3C) . The distribution of LVFS in the cohort is shown in Fig. 3D . Abdominal muscle fibrosis did not correlate with LV fibrosis (r = −0.0975, p = 0.2124). However, cardiac function measured by LVFS also did not correlate significantly with LV fibrosis (r = −0.1300, p = 0.1165), indicating that cardiac dysfunction at this stage is not arising from fibrotic infiltration of the heart. These findings are consistent with the view that respiratory dysfunction contributes to cardiac dysfunction.
Diaphragm fibrosis correlates positively with left-ventricular fibrosis, and negatively with right-ventricular fibrosis
The diaphragm, in both large and small animals, is thought to be the major respiratory muscle and is known to be particularly affected in muscle dystrophy in humans and mouse models [2] . Diaphragm muscle fibrosis, as measured by HOP content, was found to correlate positively with left-ventricular fibrosis (Fig. 4A) . These data suggest that the left-ventricle and diaphragm become fibrotic relatively early in this model of muscular dystrophy. Conversely, diaphragm muscle fibrosis correlated negatively with rightventricular fibrosis (Fig. 4B , r = 0.1420, p = 0.016). It is important to note that, on average, the right-ventricle experienced the least fibrosis of all muscles sampled by the HOP assay (1.771 ± 1.72 OD/mg). This was 79% lower than the next most fibrotic organ, the quadriceps muscle (mean quadriceps HOP 8.48 ± 3.03 OD/mg). Figure 4C is a paired scatter plot correlating diaphragm muscle fibrosis and abdominal muscle fibrosis. These data are plotted without transformation and without a best-fit line in order to better visualize the data. Although there are independent populations of mice that have severe diaphragm fibrosis (dashed line) or abdominal fibrosis (solid line), there are few to no animals that have both severely scarred abdominal and diaphragm muscles. The distribution for diaphragm HOP content is right-skewed (p = <0.0001) (Fig. 4D) .
Very few animals have severe diaphragm fibrosis and abdominal fibrosis
Comparable histopathology between abdominal muscles and diaphragm muscles in mouse models of MD
To correlate the quantitative measures of pathology used above, histological sections were examined from Sgcg mice to evaluate abdominal and diaphragm muscle pathology (Fig. 5) . The abdominal muscle displayed the same range of pathology seen in the diaphragm muscle with notable calcification, necrosis, and inflammation in both muscles. Mason Trichrome staining highlighted significant fibrosis in the 46 Fig. 4 . Diaphragm fibrosis associates with fibrosis in the heart. A) Diaphragm fibrosis correlated positively with LV fibrosis using Spearman based methods, further supporting the concept that scarring in the respiratory muscles may predict scarring in the LV. B) Interestingly, diaphragm fibrosis correlated negatively with RV fibrosis, indicating that the diaphragm correlation with LV fibrosis is independent of RV pathology. C) Scatter plot representing abdominal and diaphragm fibrosis for each animal. Although abdominal fibrosis correlates negatively with diaphragm fibrosis, the distribution suggests a more complex relationship between the two organs. Specifically, there are very few animals with high level abdominal and diaphragm fibrosis (intersection point). Rather, the cohort can be divided into two virtual populations: those that preferentially developed diaphragm fibrosis with little abdominal fibrosis, and those that preferentially developed abdominal fibrosis with little diaphragm fibrosis. D) Frequency distribution of fibrosis found within the diaphragm of the full cohort.
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abdominal muscles, consistent with the measurements made using hydroxyproline. Abdominal muscles from mdx mice were examined and were similarly found to display qualitatively comparably dystrophic features as the diaphragm muscle. Together these data complement the findings in the large Sgcg cohort.
DISCUSSION
Abdominal muscles are severely affected in a mouse model of muscular dystrophy
At 8 weeks of age, a time-point that reflects established muscle pathology and emerging cardiac dysfunction, we found the abdominal muscles had significantly elevated Evans blue dye uptake as well as fibrosis. Evans blue dye is a measure of sarcolemmal disruption and directly reflects myofiber injury and damage [29, 30] . What triggers such notable pathology in the abdominal muscles at such an early time point is not known, but it is likely that these muscles are being recruited to participate in respiratory function. In this model of muscular dystrophy, like the mdx model of muscular dystrophy, the diaphragm muscle displays profound histopathological changes. At 8 weeks of age, the diaphragm muscle is nearly completely replaced by fibrosis, which is visible both grossly and histologically, which is anticipated to alter compliance. With the loss of the diaphragm muscle, other muscle groups are expected to contribute to the work of breathing. The pathological findings in the abdominal muscles in Sgcg mice are consistent with these muscles being recruited for respiration.
The lack of correlation between diaphragm muscle and abdominal muscle fibrosis is striking. Specifically, there were virtually no animals that displayed high levels of fibrosis in both the diaphragm muscle and abdominal muscle. Many of the animals collected at this time point had severe diaphragm fibrosis or severe abdominal fibrosis, but rarely both. From this, we infer that animals with severe fibrosis in both muscle groups may have a survival disadvantage. For example, if breathing were severely compromised in the first four weeks of life, such animals may not survive weaning and would not be included in our analysis. The animals in this study were evaluated at 8 weeks of age, post puberty, and an equivalent age of the late second decade of human life.
Respiratory muscle pathology correlates with cardiac measures of pathology and dysfunction
Markers of abdominal and diaphragm muscle pathology correlated significantly with cardiac functional measures in this mouse model of muscular dystrophy. The strongest correlates were between abdominal muscle damage and the mean velocity of blood across the aortic valve, a measure of heart function. Fibrosis in the abdominal muscles also correlated negatively with fractional shortening in the LV. Those animals with the greatest abdominal muscle fibrosis had the most preserved LV function. We interpret these findings as consistent with a model whereby cardiac function can be maintained at the cost of increased breathing, reflected in the use and damage in the abdominal muscles. It is notable that diaphragm muscle fibrosis and LV fibrosis were correlated. This progression is supported by the correlation between diaphragm muscle fibrosis and left ventricular fibrosis, furthering the notion that respiratory muscle fibrosis has a negative impact on cardiac fibrosis (Fig. 6) .
Implications for human muscular dystrophy
The diaphragm and abdominal muscles oppose one another biomechanically, the former serving as the primary muscle of inspiration while the latter serves as the primary muscle of expiration [16] . Advanced plethsymography methods have been used to characterize respiratory mechanics in DMD patients [14, 15, [31] [32] [33] . With disease progression, DMD patients Fig. 6 . The abdominal muscle group may compensate for early diaphragm failure in the Sgcg model of MD. Above is a simplified timeline representing a progression for respiratory and heart dysfunction in muscular dystrophy based on data taken at 8 weeks of age in mouse model of muscular dystrophy. This model parallels studies in human DMD and myotonic dystrophy suggesting that the abdominal muscles are "paradoxically" recruited during inspiration to compensate for diaphragm paralysis and maintain function [16, 37] . Mice with poor heart function had higher levels of fibrosis in the abdominal muscles, suggesting a relationship between abdominal muscle health and heart function. Furthermore, animals with the highest levels of abdominal fibrosis had relatively low levels of diaphragm fibrosis, and vice versa. This relationship is supportive of a model in which these two organs are compensatory to one another. demonstrated less abdominal wall distention during normal inspiration in the supine position. It was suggested that these low abdominal volume changes during inspiration correlate strongly with nocturnal hypoxemia, serving as a predictor of nocturnal desaturation. These data are congruent with other observations that the paradoxical activation of the abdominal muscles during inspiration may help expand the chest wall and thoracic cavity during inspiration [16] . Abdominal muscle activation may also enhance venous return to the heart by further lowering thoracic pressures. Clinically, supporting the abdominal muscles may increase both heart and lung function. Indeed, abdominal binding has been shown to improve cardiac function in a handful of patients with spinal cord injury [34] .
Supporting and maintaining proper cardiopulmonary function in neuromuscular disease is a mainstay of therapy. Sufficient ventilation is important for preventing hypoxia and acidosis; two conditions that exacerbate cardiomyocyte dysfunction [35, 36] . Maintaining diaphragm health has been the focus of many studies in both humans and mice with muscular dystrophy, but few studies have focused on supporting and evaluating the accessory muscles of respiration such as the abdominal muscles. Therapies that spare the muscles of respiration in muscular dystrophy have been shown to slow down overall disease progression and prolong life [37, 38] . The effects of nocturnal noninvasive ventilation on the accessory muscles of respiration are relatively unknown. The accessory muscles of respiration, whether in human patients or animal models, may prove a viable target especially for therapy directed at specific muscle groups. The abdominal muscles are easily accessible and dissectible in mice, making them readily available for study.
